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Abstract Objective To study effects of Adenovirus-mediated Hath1 expression in guinea pig cochlea at one month
after exposure to intensive noise. Methods Normal hearing guinea pigs, weighing 250-300g, received exposure to
200 rounds of impulse noise at 170 dB sound pressure level（SPL）. The virus vector was inoculated into the left co⁃
chlea 1 month after noise exposure. Animals were tested using ABR and prepared for morphological examinations in⁃
cludeing immunocytochemistry and SEM 4 weeks after vector inoculation. Results The adenovirus mediated report
gene expressed in the damaged area. There were no significant differences between treated and control animal in
ABR threshold and morphologic changes. No new hair cells appeared in the Hath1 treated animals. Conclusion
Forced hath1 over-expression in the cochlea 1 month after noise exposure does not lead to appearance of new hair
cells.
Key words hair cell damage, Hath1, noise
Introduction
In the mammalian auditory system, cochlear hair
cells, as the terminal cells of sensory nerve, can convert
the sound stimulation into electrical signals, which are
conducted to the auditory cortex through the auditory
nerve to maintain normal hearing. Many factors includ⁃
ing excessive acoustic stimulation, aging, ototoxic
drugs, infections and autoimmune diseases can cause ir⁃
reversible damage to both cochlear hair cells and audito⁃
ry neurons, and result in permanent sensorineural deaf⁃
ness［1］. Therefore, hair cell regeneration is a key treat⁃
ment of sensorineural deafness. Currently, it is general⁃
ly accepted that the regeneration of the hair cells is from
transdifferentiation of the remaining non-sensory cells.
The transdifferentiating capabilities of these remaining
non-sensory cells seem to depend on their state.
In recent years, our research team has found hearing
improvement in some guinea pigs at one month follow⁃
ing inoculation of the Hath1 gene into the cochlea that
is carried out 7 days after noise exposure for forced
over-expression. The hearing improvement was even
more at two months,following Hath1 gene inoculation
with evidence of newly grown hair cells under electron
microscopy［2］. This indicates that the non-sensory cells
have the capability of transdifferentiation into hair cells
7 days after noise injury and may potentially be avail⁃
able to be used in treatment. However, it is unclear
whether this intervention can be effective in longer de⁃
lay after noise injury. This intends to explore effects of
inoculation of Hath1 gene at one month following inten⁃
sive noise exposure on hearing and hair cells regenera⁃
tion.
Materials and Methods
1 Animal model Guinea pigs with normal hearing（pro⁃
vided by the Experiment Animal Center of PLA General
Hospital）were placed in special cages fixed in a free
sound field in an anechoic chamber. The distance be⁃
tween the source of impulse noise and animal ears was
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10 cm. Following equipment calibration, 200 rounds of
0.25 ms duration pulse noise at 175.0 dB SPL were de⁃
livered continuously at 20 second intervals. Animal po⁃
sition was adjusted after the first 100 rounds to ensure
equal exposure to both ears. ABR thresholds were mea⁃
sured 7 days after exposure, threshold of 90 dB SPL or
more for the alternative animals
2 animal Group and genes into cochlear At one month
post exposure, animals received ad-Hath1（n=5）,
ad-EGFP（n=5）, or no treatment（n=5）. Under strictly
aseptic conditions, the acoustic vesicle was open from
the dorsal aspect and the cochlea exposed under a mi⁃
croscope. Under general anesthesia, 5 ul of adenovirus
（roughly 108 virus particles）was injected into the left
inner ear though the oval window using a microdosage
syringe. The bulla was then closed.
3 Auditory brainstem response（ABR）Under general
anesthesia, a needle electrode was placed on the vertex
as the recording electrode, and a needle electrode was
inserted subcutaneously into each ear as the reference
electrode. The ground electrode was placed subcutane⁃
ously in the nose. Stimuli were tone bust（4, 8, 16 and
20 kHz）. For each recording, 512 sweeps were band⁃
pass-filtered（80-3000 Hz）and then averaged with an
Intelligent Hearing System Smart EP2.22 system（IHS
USA）. Thresholds were determined by the visual detec⁃
tion of reproducible responses with descending series of
stimulus intensities at 10 dB steps. Each animal under⁃
went ABR threshold tests before and five days after the
operative procedure.
4 Immunocytochemistry and Scanning Electron Micros⁃
copy, Cochlear specimens were perfused with 4% form⁃
aldehyde in phosphate buffer. After 30 minutes’fixa⁃
tion, the tissues were treated with 0.2% Triton X-100／
PBS. Ten percent normal goat serum was used to block
nonspecific binding. The tissue was then incubated with
rhodamine-phalloidin and Hoechst. After washing with
PBS, the specimen was incubated with secondary anti⁃
bodies and then washed with phosphate buffer. The
specimen was then mounted on glass slides in antifade
solution（Prolong Antifade Kit, Molecular Probes）.
The organs were fixed for 30 minutes with 2.5% glu⁃
taraldehyde in 0.1 M sodium cacodylate buffer（pH 7.4）
containing 2 mM CaCl2, washed in buffer, postfixed for 1
hour with 1% OsO4 in the same buffer and then washed.
They were dehydrated via an ethanol series, critical
point dried from CO2 and sputter-coated with gold. The
tissue was examined under a JEOL 100CX EM.
Result
Four weeks after viral vector inoculation, the average
ABR threshold at 4, 8, 16 and 20 kHz showed no signifi⁃
cant difference among the Hath1 treated, Ad-EGFP
treated and control groups（P > 0.05）. The results are
shown in Figure 1.
Five days after Ad-Hath1-EGFP were inoculated in⁃
to the cochlea and one month after noise exposure,
full-cochlear preparations were examined for expres⁃
sion of adenovirus. From Figure 2: the scar area, formed
by cuboidal or squamous epithelium , and the areas of
hair cells and sertoli cells show high levels of green fluo⁃
rescence（Ad-Hath1-EGFP expression） and so does
the spiral ganglion region.
A normal cochlea，confocal micrographs of phalloidin
（red）／Hoechst（blue）； b transfected Ad-Ha⁃
th1-EGFP to the one month cochlea that exposed to the
Figure.1 Ad.Hath1-EGFP、Ad-EGFP and simple induce
deafness ABR threshold
Figure.2 the expression of Ad-Hath1-EGFP. a the low magni⁃
fication（10X），↓ the hair cell regions ；b the high magnifica⁃
tion（20X）
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noise for 4 weeks.
On frozen section and Scanning electron microscopy,
the inner and outer hair cells in the top and basal turns
in the cochlea were completely missing one month after
exposed to the noise, with proliferation of non-sensory
epithelial cells filling their places. The column cells be⁃
tween the inner and outer hair cells were seen collapsed
and replaced by non-sensory epithelial cells（Figure
3b, 4b）. There was no visible hair cell regeneration in
Ad-Hath1-EGFP treated animals. The boundary be⁃
tween the inner and of outer hair cell regions became in⁃
distinguishable as time went on, with complete replace⁃
ment of column cells by non-sensory epithelial cells
（Figure 4d）. There was no difference between the con⁃
trol groups and Hath1 treated groups（Figure 4d）.
Discussion
Our results show that the cochlear hair cells were al⁃
most completely lost and support cells gradually col⁃
lapsed and disappeared in 1 month following exposure
to intense noise. Hair cells and support cells were re⁃
placed by the epithelial cells. The epithelial cells, de⁃
spite forced expression of Hath1 gene that can induce
support cells differentiate into hair cells, did not devel⁃
op in the direction to hair cells. The research team previ⁃
ously found that, with Hath1 gene inoculation one week
after exposure to intense noise, the damaged cochlea
produced a large number of new inner and outer hair
cells, with inner hair cells sooner than outer hair cells,
and,cochlear function partially recovered as shown by
hearing improved［3］.
These results indicate that treatment time is an impor⁃
tant factor in the treatment of noise-induced deafness.
In the early stages of cochlear damage, the residual sup⁃
port cells may retain their ability of transdifferentiation,
representing the best time to intervene. With the cochle⁃
ar condition deteriorates, the site of injury is completely
covered by epithelial cells of scar tissue, dramatically
reducing the effects of intervention.
It is generally believed that, when hair cells are dam⁃
aged, support cells may transdifferentiate into hair cells.
Some scholars found that the differentiation of support
cells could be maintained for more than 10 weeks in
guinea pig models of hair cells damage by kanamycin
and acid Thani［4］. However, the present study showed
that support cells have lost this ability 1 month after co⁃
chlear damage. the specific mechanisms of transforma⁃
tion from differentiated support cells to undifferentiated
epithelium cells after hair cells have disappeared re⁃
mains unknown. Support cells themselves may be ex⁃
tremely sensitive to severe trauma caused by drugs or
noise. In some experimental conditions, the support
cells become epithelium cells over a long time after trau⁃
ma, suggesting a possible secondary degradation［5］.
Expression of Hath1 gene is usually the final step of
transdifferentiation. Therefore, different developmental
stages of the cells with over-expression of Hath1 gene
may lead to different results of development. The failure
of transdifferentiation of epithelium cells despite
Figure.3 The hair cell that transfected Ad-Hath1-EGFP for
4weeks. A normal cochlea，confocal micrographs of phalloidin
（red）／Hoechst（blue）；b. transfected Ad-Hath1-EGFP to the
one month cochlea that exposed to the noise for 4 weeks .
Figure.4 transfected Ad-Hath1-EGFP after one month exposed
to the noise A the normal cochlea；b. the organ of Corti One
month post Exposed,（∗）pillar cells collapse; c. the control co⁃
chlea；d. transfected Ad-Hath1-EGFP for 4 weeks , out hair
cell（O），pillar cell（P）.
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over-expression of Hath1 gene seen in this study sug⁃
gests that epithelium cells may have degenerated into a
very early state of differentiation and can no longer have
the expression of hair cells and support cells. Therefore,
the reconstruction of auditory epithelium may need to
start with induction and over-expression of an early de⁃
velopmental gene, perhaps as early as the tympanic bul⁃
la specific gene that induces the formation of auditory
area (ie, the epithelial ridge in the developing cochlear
epithelium). Many important genes have been found［6］.
Once over-expression of these early developmental
genes can lead the reconstruction of the epithelial ridge,
over-expression of Hath1 may be used as the final step
to induce regeneration of hair cells.
In addition, transfection of Ad-Hath1-EGFP is very
easy after hair cells of the cochlear are replaced by
epithelial cells of the scar tissue. In the normal cochlea,
it is difficult to transfer foreign genes into the area of
hair cells. In addition, there will be a large number of
epithelial hyperplasia in the cochlea. This an interesting
questions: why do epithelial cells proliferate in the
cochlea? and why is their transfection with adenovirus
so easy? Answering these questions requres in-depth
studies of these cells for their surface receptors and
their biological characteristics. Such studies will be of
great value in promoting gene therapy and stem cell
therapy for deafness.
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